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Introduction

This author’s literature review, attendance at varicus hydraulic fracturing (HF} symposiums, forums, conferences, an EPA sponsored HF workshop on Fate & Transport and discussions with cil and gas regulatory agencies and indusiry representatives suggest there is a growing, if not already strong consensus ameng those who have performed objective analyses cfthe
HF process, that the risk posed to potable aquifers or drinking water supplies (DWS) from the deep undergreund process of HF is now miniscule. Assessments of potential impacts range from “remote’ (DOE 90 Day Report) to *do not present a reasonably foreseeable risk of significant adverse environmental impacts” (NYS SGEIS). Furthermore, muttiple lines of
evidence including theory based on the physics of fluid flow, fate and transport modeling and empirical evidence from hundreds of thousands of frac jobs performed by industry in the last 60+ years without documented impacts to DWS, indicate that further public focus on this concern is misdirected and simply unwarranied. Itis often a challenge for experts to
communicate complex concepts to the public to allay fears and concems. Terms such as imbibition, irreducible water saturation, and capillary pressure effects and their underlying conceptual basis while critical to a technical understanding of why 70% to 90% of frac fluids remain unrecovered in flow back, also make it difficult to convey to the public why these residual
frac fluids are highly unlikely fo subsequently appear in a DWS. Residual fac chemicals are most likely locked in rock pores of the target shale with no means of escape for pericds possibly on a scale approaching that of geologic time. The public rarely differentiates between direct impacts by methane gas to DWS, and their contamination with other constituents from
cther mechanisms or processes. Direct impacts by methane gas to DWS have occurred, and documented pathways for this type of contamination do exist related to gas well construction, when an uncemented annulus becomes over pressured. However, in most instances methane occurrence in DWS is still attributable to sources unrelated togas development.
‘When methane impacts from gas development do occur, they are most typically related to non-routine overpressuring “events during drilling, cementing or casing operations unrelated to the hydraulic fracturing process itself. Some well design practices can facilitate stray gas migration when site-specific geologic conditions, as depicted here, are not fully understood.
Specifically, should shallow fractured bedrock extend below surface (two-string design) or intermediate (3-string design) casing depths, higher risks for gas migration may be present.

This poster ilustrates two pathways for stray gas migration that may occur independently of each cther, or operate in conjunction, to facilfate gas migration to a DWS when a 3-string casing design with open annulus becomes overpressured. From a relative threat standpoint, a change in focus from potential hydraulic fracking fluid impacts to DWS, to the real threat of
stray gas migration, is long overdue. While public concerns about HF fluid impacts to DWS have brought about better regulaion_and many operational improvements by industry, including frac chemistry disclosures (e.g. fracfocus.org), use of less/non-toxic (green) chemical substitutes and greater iransparercy of overall operations, few significant ackitional
environmental gains In this area are likely o occur that further reduce risk In any appreciable manner from fs aeady low state. Further, oppanent arguments and concerns regarding impact to DWS from the hydraulic fracturing process appear increasingly without technical merk. In contrast to frac fluids largely sequestered In the target formation, methane gas from
non-target gas bearing zones is abundant and concentrated, can be highly mobile and migrate as a free phase in addition to dissolved phase, has a pathway that permits several thousand fest of cross-strata migration (cpen annulus above preduction casing cement) and a drive mechanism (buoyancy). Furihermore, methane from a deeper source (normal to over
pressured gas bearing geologic unlt) often leads t over pressuring of casing and annular intervals at shallow depths (.e. exceed hydrostatic condtions). O Is undesirable and can be problematic and costly or result In continuous venting of this potent GHG over along period (9. ife of well). Gas build up (overpressuring) of the
annulus can also create the required gradient for sray gas to penetrate fractured bedrock through the open borehole wall and move upward and around surface/intermediate casing strings of good integrity fo reach a DWS. Earlier overpressure events (e.g. gas kicks) during the drilling and completion phase may also facilitate subsequent movement through shallow
fractures from annular overpressuring by establishing a continuous gas phase in the fracture system.
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o Relative to HF fuids used in fracing target gas shales, stray gas from non-targeted (noncommercial) gas bearing zones found above targeted gas s far more abundart,
o - - N _ cencentrated and mobile with much greater upward migration potential from the deep subsuriace due to the bucyancy drive mechanism within an open berehole annulus. A several
e 7.0 stte o - EPAttai bt thousand foot potential cross-strata migration pathway exists to DWS via the open borehole (open annular space bstween top of production casing cemernt and cemented surface
R .5, T8 Cotatin ol g by OV 0 A 01T Gl Gt e 25 03, 505 or intermediate casing stringishoe) under most current well designs accepted by states and the BLM. Should an overpressured annulus develop from these gas sources and an
e st L0 202 i - open fractured/jointed condition characterize shallow bedrock that extends below surface of intermediate casing depths, this gas migration pathway to DWS is potentially complete
N Yottt Em o Corsoa, 1 R Dt g G ot et Sk O O rd St s R s, et e Eeoo seer With the advent of unconventional shale resource plays, their expansive coverage, increased well densities and intermingliing with rural domestic wells, greater risk over the long
kamckenal, URS Corp, NTC Comalun, s SeernorsiDitos LLE. term exists from non-routine annular overpressuring events or when wells are nct vented. Mitigation of annular space methane gas build up through venting is less of an option
O, 5.0, Ve &, Vrer, .. i, 0,201 aoung [ — i, 2 than In the past due to concerns for GHG emissions as this methane source Is poorly quantified. The complexity ofthe stray gas migration lssue suggests frther research into its
s, 20110 G vnscanen compenent parts s warranted for a better understanding of best management practices. These include 1) Quantification of the nature of the problem or approximate amount of
Th 7, 208, v P et Sk, gt for Gt Count Colroc stray gas currently vented by the gas industry, possibly through a random/probabilistic sampling design 2) Source Identification &Isolation ~ methods of source (strata)
U5 Depiment fre, 2011 St Gos Pt Skt 390 Rty e Sy o Ensy i B identification (borehole logging options). zonal isolation, conditions fostering cr limiting flowlbleed-off to well bore/annulus 3) Annular Environment — effects of flids present
e St Petaton At 156 Smen et 1o e et o . e 5 200, et I (water, mud, brine, gas), gas transpart phase (free phase gas vs. dissolved), slough/cave (borehole bridging effects) and their effect on gas flow fom the source to the borehole
e . . i s H“ P 5 005 Frapmash - wep and outward to country rock from overpressuring 4) Overpressure Conditions — gas phase and entry pressure requirements for rock matrix vs. fracture (pore & aperture

minimums), wetting phase of matrix/iracture faces, residual effects from non-routine overpressure "events’ that would facilitate gas connectedness in fractures and subsequent
Walanowez 4 K, sikes &, 5., ond Rang X, LSU 2001, Dignosh s0d Remedstun o Stained Casng Passu 0 Vel U5, 001 Repat stray gas migration 5) Monitoring — casing annular pressures correlation with annular fluid levels, freshwater zone heterogensity (stratification) and appropriate freshwater
intervals or aquifer horizons for early detection of methane migration to DWS. There are many trade-offs in selecting management strategies and well designs to minimize stray
gas. Furiher analysis of the components is warrantsd to better assess cost-benefit relationships and to ensure that GHG emissions and potential impacts to DWS are minimized.
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